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The main purpose of this study is to establish a fine process for growing a molecular superlattice, where hetero-molecular layers are deposited alternately in monolayer level. Organic thin-film devices have recently been used in commercial applications, such as organic field-effect transistors, organic light emitting diodes and organic solar cells 1 . In addition to these conventional devices, organic devices based on new concepts have been reported, e.g., spin injection devices 2 , magnetoresistance devices 3 and thyristors 4 . These unique characteristics require delicate arrangements of multiple molecules. A typical example can be seen in a strongly correlated system of organic materials. Non-linear conduction and/or superconductivity are induced by a charge transfer between molecules that are aligned in a low-dimensional superlattice 4, 5 . In this respect, a molecular superlattice has great potential for providing innovative functionalities. This makes it essential to establish a fine process for growing a molecular superlattice at a monolayer level.
In this work, we studied the growth and structural characterization of a molecular superlattice of PTCDI-C 8 and quaterrylene. The molecules, which function respectively as n-type and p-type organic semiconductors, were deposited alternately by an ultra-slow deposition process called the hot-wall technique. This technique is described in detail elsewhere [6] [7] [8] . An advantage of our technique is that the molecular 4 layers are grown under near thermal equilibrium conditions, and so, in contrast to previous studies, precise thin film growth is possible at a monolayer level [9] [10] [11] [12] [13] [14] . As a result, p-n junctions can be formed on a single molecular scale and charge transfer between adjacent molecules can be expected. 17, 18 .
First, we verified the growth of the first PTCDI-C 8 monolayer on the SiO 2 surface. The molecular structure is shown in Fig. 1 (a). To examine the total thickness of the quaterrylene/PTCDI-C 8 bilayer, the XRR spectrum was measured as shown in Fig. 3(a) . It should be noted that the total thickness estimated with the XRR measurement was only 3.0 nm, which was less than the sum for the two molecules (2.8 nm + 1.8 nm). We speculate that the reduction in the total thickness can be attributed to the instability of the PTCDI-C 8 layer as already layer. In the XRR spectra, we observed a disagreement between the experimental data and the fitted patterns of around 4 degrees. This is accounted for by the fact that the diffraction peak from the (001) lattice plane of PTCDI-C 8 and quaterrylene layers overlapped the reflection patterns. To illustrate this effect, the diffraction peak from the (002) plane observed around 8 degrees is shown in the inset.
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In summary, we produced a molecular superlattice of quaterrylene/PTCDI-C 8 using a fine process, where we precisely optimized the deposition conditions for 2D layer growth. The morphologies and molecular orientations in each layer were clarified by AFM and XRR. As a result, the molecular superlattice was found to consist of inclined PTCDI-C 8 and upright quaterrylene layers. The molecules in this study function as n-and p-type semiconductors, respectively 19, 20 . Therefore, this successful layer by layer growth of a molecular superlattice, which has offsets at the HOMO-LUMO energy levels, opens up the possibility of carrier transfer and carrier confinement in a similar manner to that observed with conventional inorganic semiconductors. indicates a change in molecular orientation (see Fig. 1 (b) ). 
